In the course of our screening program for regulators of a molecular chaperone GRP78 expression, we isolated a novel inhibitor of GRP78 expression, designated as prunustatin A, from Streptomyces violaceoniger 4521-SVS3. The structure of prunustatin A was determined by a series of NMR analyses to be an oxidized type of the neoantimycin family. Prunustatin A inhibited the expression of GRP78 induced by 2-deoxyglucose in human fibrosarcoma HT1080 cells accompanied by global cell death without showing cytotoxicity under normal nutrient condition.
GRP78 acts as a molecular chaperone in the endoplasmic reticulum (ER) to promote protein folding. The enhancement of ER stress response has been proven to play a role in mechanisms of resistance to chemotherapy and hypoglycemic stress in solid tumor [1] , while the reduction of ER stress response is involved in the pathology of central nervous diseases such as Alzheimer's and Parkinson's diseases [2] . The ER stress response causes an increase in gene expression of a number of ER chaperones such as GRP78/Bip and GRP94 [3] . Thus, substances that directly, either down-or up-regulate grp78 transcription are expected to be promising drugs for the treatment of cancer and Alzheimer's disease, respectively. In the course of our screening program for regulators of GRP78/Bip molecular chaperone expression, we isolated versipelostatin [4] by employing a reporter gene assay system under the control of the GRP78 promoter. Further screening resulted in the isolation of a novel inhibitor of GRP78 expression, designated as prunustatin A (1, Figure 1 ), a new member of neoantimycin [5] family from an actinomycete identified as Streptomyces violaceoniger 4521-SVS3. In this paper, we report the fermentation of the producing organism and the isolation, physicochemical properties, structure elucidation and brief biological activities of prunustatin A.
The prunustatin producing strain was isolated from a soil sample collected on Kumejima island in Okinawa prefecture, and was subcultured on a Benett agar slant. It was cultivated in a seed medium consisting of starch 1.0%, polypepton 1.0%, molasses 1.0% and meat extract 1.0% (pH 7.2) for 2 days at 27°C on a rotary shaker. The seed culture was inoculated into 500-ml Erlenmeyer flasks each containing 100 ml of the production medium composed of starch 2.5%, soybean meal 1.5%, dry yeast 0.2% and CaCO 3 0.4% (pH 6.4 before sterilization), and these were cultivated on a rotary shaker (200 rpm) for 5 days at 27°C.
The fermented whole broth (2 liters) was centrifuged to obtain a mycelial cake, which was extracted with acetone (1 liter ϫ2). The extract was concentrated in vacuo, and the residual aqueous solution was extracted twice with ethyl acetate. The separated organic layer was dried over Na 2 SO 4 , filtered and the filtrate was concentrated in vacuo. The active material was applied to a silica gel column packed with the solvent mixture of n-hexane and ethyl acetate (2 : 1). The column was developed with the same solvent system and active fractions were pooled and concentrated to dryness. The dry residue was rechromatographed on Sephadex LH-20 in CHCl 3 -MeOH (1 : 1). The active fraction was evaporated in vacuo to dryness and the residue was further purified by preparative HPLC using PEGASIL-ODS (Senshu Pak, 20 i.d. ϫ250 mm) developed with 80% aqueous MeOH to give a pure sample of prunustatin A (1) as pale yellow powder.
The physico-chemical properties of 1 are summarized in Table 1 . The molecular formula of 1 was established as C 34 H 40 N 2 O 12 on the basis of HRFAB-MS analysis. The direct connectivity of protons and carbons were established by the HMQC spectrum and the tabulated 13 C and 1 H NMR spectral data for 1 are shown in Table 2 . The DQF-COSY and HMBC spectra established four partial structures ( correlations indicated the successive connectivity of C-2, C-1 and C-11 as shown in Figure 2 . Thus, a 4-hydroxy-2,2-dimethyl-3-oxo-5-phenylpentanoic acid moiety was elucidated as a partial structure of 1 as shown in Figure 2 . were long-range coupled to C-22 (d C 150.6). By taking into consideration these 13 C chemical shifts of aromatic carbons, an oxygen atom should be substituted at the C-22 position. The UV spectrum of 1 also suggested the existence of the 2-hydroxy-3-formylamino-benzoic acid moiety, which is the same chrmophore as that of the antimycins [6, 7] . An amide proton 6-NH (d H 7.16) was coupled with 6-H (d H 5.13) which is considered to be an a -methine proton of an amino acid residue from its typical .4) . In addition to these correlations, the long-range couplings from the methine proton 6-H to a carbonyl carbon C-5 (d C 167.7), and from the amide proton 6-NH to C-20 were observed. These results indicated the threonine residue and the connectivity with the chromophore moiety.
The remaining substructure was also determined by the interpretation of 1 Figure 2 . The connectivity of these partial structures were elucidated by the long-range couplings between 2-H and C-3, 4-H and C-5, 7-H and C-8, and 9-H and C-10. In this manner, the structure of 1 was determined as shown in Figure 1 . As an analog of prunustatin A with a 15-membered macrocyclic, SW-163A, which can be considered as a reduced type of prunustatin A at the C-1 position, has been reported as an immunosuppressant [8] .
The human fibrosarcoma cell line HT1080 cells which were transformed with the luciferase reporter gene under the regulation of the GRP78 promoter (designated as HT1080 G-L), produced luciferase in four times greater quantity than did the control when treated with 10 mM of 2-deoxyglucose (2-DG). In this evaluation system employed as a screen, prunustatin A reduced the expression of the reporter gene with an IC 50 value of 11.5 nM. In the same manner, the structurally related compound SW-163 A [8] , which was also produced by the prunustatin producing strain, exhibited inhibitory activity in this assay with an IC 50 value of 22.9 nM. Prunustatin A completely inhibited the expression of GRP78 at the protein level at the concentrations of more than 80 nM in HT1080 cells without affecting actin level. Under normal condition, prunustatin A showed cytostatic effect but not exhibited cytotoxicity even at the concentration of 500 nM. On the other hand, prunustatin A treatment became highly toxic in 2-DG containing medium resulting in approximately six times greater cell death ratio at the concentration of 100 nM than that in normal conditioned medium.
Since SW-163A showed the similar activity to 1, the redox state at the C-1 position is not essential for this biological activity. Although the chromophore of 1 is same as that of antimycins [6, 7] , which has a 9-membered macrocyclic substructure, it is interesting that prunustatin A is stable to oxidative insult, contrary to the vulnerability of antimycins to oxidative and acidic condition. As observed with versipelostatin [9] , prunustatin A induced global cell death under glucose deprived condition such as the treatment with 2-DG but not under normal nutrient conditions. Thus, it is expected that prunustatin A would be a useful cancer chemotherapeutic agent against solid tumors. Studies on the elucidation of the absolute structure and detailed biological activities of 1 are now underway.
